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USE OF SECGHDARY METAODS OF OTL PRGDUUTION IN

V. 8. Melik-Pashaysv, Baku

METHODS TN THE AZNEFT' /AZERBAYDZEAN OTL ¥IELDS]

Tho task assigned the oil industry by the Five-Year Plan fcr re-
construction and develomment of the 8SR national econony 1a to
inorease o1l produnction by all aveilable msans. Besids exploration
and dgvelopment of new petroleun deposits and horizons, & more complete
oxtraction from the oil deposits already exploited in the Apsheron
Peninsula 18 necessary,

As we know, contimuous expenditure of a bed's resources brings about
a sharp decrsase in yisld, vhich is sometimes erronsonsly attribtuted o
the bed's exhaustion. Actually, more than half of the o4l still remains
underground, This rosidual cil is reliable reserve, anl must be extracted
by ssoondary recovery methoda, The Five-Tear Plan stresses the great
importance and the necemsity for their extensi v develommert, of secondary
recovery methods,

The Azneft' combine plamed a great amovmt of work for 1947, e ) .
Jroviding for air compriesion in the beds amd for various types of floodling. UM ]

Alr Ceare.sion in the Beds {Mariette Methud

Application of the Ma.iatte method to horizon V of the Stalimmef't'
field, in for a conaiderabls pericd dnring the war, was reswmed

in February

Five wells wero chosen for air injection. With 20 other wvells they
formnd fomr groups. As operations were degun but recently, preliminary

t
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scuslusions on the efficlency of air compression are avallabe for ongs group
only (well No 1186), on the basis of operations covering more than 4 months,

Table I gives &n approximation of the rosulis: _
Toble L. Awrege Yield per 2 Hours ($)

¥ell No (m‘ii;”’;'ﬁ g:goas) May 19k7 il
937 100 160 230 280 i
880 100 2 210 267
. 87h 100 80
1098 ’ dry . 0il
100 200

. . After % months of exploitation, the yleld of these four wells vas
doubled.

Atthbegimingdtbopention,themtofa!rmodpsrﬂ [
°  hours was 700 cubic meters. In April 1948, this amount was inoreased to A
1,400 oubic meters., At this time, a break-through of air ocomrred in -
well No 880, This was iisclosed by an increase of nitrcgen to 50 per-
cent in the gas mutside the pipes. In May the nitrogen content, whioh
vesched 70 percent necessitated a slowdown in air pamping.

In the cil £inlds of Leninnsft® (Lenin 011 Fisld Combine) the Mariette
method 1 appifed to harizon IT in & pericline of the Romany fold. Three
vells are used for air injection: No 997, 1602, ard 1202, As yumping in
the last two hse been started but recently (end of April 1947), 1t is pre-
ture to _lpak of results for the respective groups.

n the £irst group (well No 997), operstions started in December 1945

anl since then 433,000 cubic meters of air were farced into the layer. .
The yield of o1l fron the wells surrouniing well No 997 imcreaied by ;
3k pervent (Tedle 2).
Tabiy .. Ave 191d Por 24 Howrs (%)

: Vell No Befare the Process May 1947 )
761 100 65 . 130 Th ‘ e
95 100 380 2c0 T30 '
120% 200 - 130 -

100 13k

' =]
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It 1s interesting to note that in two other wells, each ceparated
from the Injection well by one wsll (beyond the wells cited in the -
table above) the results of the injection wers not Pelt at &ll; 1.e,,
the yield of these wells did not incrsase.

In Kiromeft' (Kirov 011 Pield) the Mariotte method was applisd in
the soutbesstern purt of ths dsposit. Its surface is approximately 50
heotares-and the slope variss from 15 to 20 dsgrees. Zxploitation of the
site began in 1917, ~ Becsuse of & claseification existing then, the X
2ormation was. erroneculsy inolnded in the @o-salled Fizhnorkirmakinsk
lower formation of ¥XG, Thus & serdes of wells simmltansously exploit
both' horizons . and K8,

T EBg horizon 18 ocuposed of fine-graipsd sande ani of altermate
layers of clay and samdstoms, while the sani graing of the PX horizon
a¥s mrdilum or large awl its clay and sanistone interlayers are spaced.
vidoly apaxdy, The oil-is heavy. its spsoific gravity being 0,920, amd
has & comsidersble tar oomtent,

" ALD 4he wells ere s¥ploited with desp-vell pumps and £orm fonr
- Zroups oorrespending to the musber of injection wells, .

.. Bome of ‘the wells producs, oil without vater. In others scme ine o o
filtration of top water is observed. The vatwr content dues not exoeed ' :
10 yeroent of all the liguid extraoted.

Af>r vas forced into the bed, starting May-August 1946, through four
B A air<injsotion wells reacting on 17 wells oqiipped with deep-well pumps.
o An 18 percent inorease in production resulted in the seotor.

The 011 Trust 48 now completing a tachnological study of the
MNoxlette method, The study covors the upper part of the Sulu-Tepinsk
r16ld ocomprising adout 100 lov-yleld wells,

In the Artcmw! ¢ {Avtem 011 Comtins) the Marifette msthod was applied
%o 33 hsotaras in the eastern wall of the northern anticline. The sector
is burdered on the soutk by the major fanlt, and on the southhast by the
1imit of the oll-bearing arca, Th: X formition {s the only ons whose
thicknses varies conside:abiy, decreasing progressively tovard the east.
. o : In the ssctor vhere operations ars in Frogress, ths thickness 1e ome half
* ) ‘ of that found on tda southvestern wall, Litkolsdglo composition also
: varies tovard the east, It is charactsrizel by the appesranse of : B
argillaceous interstices, anl various kimds of fina~graired sands.

: : . A ocomparison of the gramiar samosition of 2. sanis on hoth vell. f A
' ‘the structure shows a dsuronss of coards-graimednsis and & considerzbls ‘ -
increase in argillaceous particles on the suvtarn -7 1ull. The samds o “his ) . f 3
wall are more silty than irn the westsra part of ths strasture, :

The development of thie sector was siow, covering a period of 10
yoars, The firsi well was drille. fu 1930, the last wells in 9k,
The fuitial output in thie part of tas £iald vas far below the first
resultis obtained in thy western part of ths structwrs.

All the wells are equipr 4 with deepewsll pumps. Dynamic levels awm:
voxy low. They are often found at the top filler openings. The sector
subJect to depression wvas dividel in four groups,

ALr poping startel in Auguet 1945, cperating throughwlls 150
and 189; then wella No 363 <nd 195 vers aldsd in March aml July 1346.
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Up to Merch 1947, &.5 million cubic msters of air wers pumped through
ths four wells in the X formetion. The volume of air forced into the layer
va8 increased from 4,000 to 27,000 oubic msters per 24 howrs. o incresse of
. produstion wea obmerved during the omeration. This failure, however, wes

Dot carefully analyred, “ut fivet, wrt later stulisd roveslod that s Wrealks .-
B Lo ihrongh; “ehikh hal oodinrod slmost At s wtert of the Iocess, wes the win
e -roamon for thi ofsretien’s. imdPistensy,

The by-pass was mot dissovered in tims because.tihs air content in the gas
outaids the pipss was being meoasured by the smount of oxygen, the lack of wkich
was erronscusly cinsidered an inilcation of mormal operation, Meenvhile the
oxygen of the air, vhen passing through the bed, ves almost completely absarbed
Wr-oil. The existense of a breakithrough vas establiaked only this year, by
meaguring the nitrogen comtent.

As one can Judgs Prom the foregoing data, in tie Azneft' oil Plelds the
- mothod of foroing alr into the bed zaw positive resmits moot of the time,
The solution of thv mein problans of its utilizetion results in a comsidereble
o

sible mimber of oil wells, and a complete coverage of the oil.

FIOMING METHORS

81t movoment of ‘contomr watsr 1 observed only in Romany, the extreme
eastern of the widsspread oil-bearing BX formation of the Lenirneft®.
mmnmmmu-tmmmmmuumm .
mlmhthobd,umtouoolmtothanwmm. For technical A
vicinity of the present bouniary of the afl~hearing srea
) ) conld not be used for injection. It wvas therefor» necessary to puwip wates into .
: wells located lower on the deelivity of the strata (No 1583, 1582, 157k, 1578, :
U : and 1585,0
Notwilhstanding ths late otart in oparations. the ‘lovel of liquid rose 4%
meters in well Fo 5175 (laastiws) betwwen the 1imit of the oil-bearing area
and ths injection well which had buen preparsi £5- observationa No rise,
however, was observeld in a well.whish was below iie Irnjection well on tha
::oliv:lty. Ths Injastxd water was therofors of-woted toward the »etrolsum
posit, .

It is necessary to point oat that for axporimental purposes the water
unfiervent no special mrocéseing, Tt was merely fresd from physical impurities
by settling, In this coxmastion, the ebscrbing porsr of one of “Ma rje>sion
wells started to dacrsas: ani water ra? +a Temveal In . oweden wopressun: o T ke
atmospheres. In the meaztime, water was abewrbed without pressurs Ly the other

N »'.I "11.0
Beoyg 0t" Fruot
* The Mashtagin petrolewww area 1s in ths northeastern part of the Apsher

Peninsula. It forms & Yramoh of the Fat'mi-Balxhan £01d end extends to “ho
eourtheast in the form of a wide pericline, An unduiation of the axis of

this dranuh forme, a little Tarther; the Fuzowny upheaval. 'The miin charat: re
istic of thts latter farmation s the vagueness of the productive layers! s« je
in the urpor part of the horiron, while furthsr down there are strorg 4* r=--
type Cinloecticns. Since both structures are soparated only by & sh=.".:, autia
oline, the oll-bearing strata in the lower part of the prodvotive h' 12 ms are
uninterrupted, Tho method ¥ transsontour flooding wvas applied .1~ whe IX
rfaraation, :

ok
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Tte o1l dsposit psrsllsls the southern wall nf the structure, bordering ‘ e } .
a fault vhich exterds In a latitudiral directlon. After 2 years of operations
the pressure in the bad decr.ased 30 atmosph~-wes, Tho strumoture of the X
Porpation 18 not estallished., The oll ia heavy. its specific gravity being
0.920. Duwring the sarly working etage & gas cover was not discoverad. Never-
thelses; the ol: was assumed to bs fully satursted with gas since ths lowering
of the bed’s pressure by the first wslls provoksd a sharp incrsase and
fluctuation in gas ressurs and other manifestations, followed Ly an emission
of pxw gen in wells Ko B80. 81, 108, st:., 2n the upper part of the depcsit
near ths fault, In order to apply tbe mathod of transcomtows flooding it was
necessary t¢ establish the extent to which the water-bearing and oil-bearing
parts of th: K wers in contast. If there is no contast, flooding will
obvicusly be of no use,

Sinoe the thickmese of the X formation is consideradie, it wes Important
40 detsimine which part of the legsr the water should bs pumped into.
Theoretlicel and yractical camsidarations suggested Introducing the water
O aear the bottom of tha bed. Tt is. mecessary to mote that according to core-
' mempling data, the PX formatiom within the 1imits of  the Maslitagl-Butowny
' dgpesits 1s suddivided into thras perts.  The collecting capasities of these
tkrao ‘paavtas,: Py K‘e, and. K3, are quite different.

!mraaa mlysu show m«: in thoe lower part of the IX formetion
. poroaity and Pemeability of sanis dycreane dopending on their oarbonate
content,  Comtiimions Sore-ssmpling wag onducted thromgtomt ~the whole
thicknass of the X frrmation by means of well No 217 dril.ed for this
purposse.and through woll ¥o 121 drilled previously. This sampling shows
for each part of the formation ths comtsnt of CaCl3 (4n porcent):

Vell No 217 V21l No 121
my £.9 X3 T.b
.3 14,7 %2 2.1
=3 18.7 X3 22.3

Therat-ws 4w walls, abvit _ Tlswotivz Ylstaatfrom each utaer,
provide vary similar Yata, which show thne oarbonate content iroreasing
almost thrs: times in ths lower part of the formution.

1f 1t 15 »apposed that the basic mass >f the caicareous salts were
depositsd in the form of a semert in the porous spaces, It ia obtvious
that hoth porvsity eni prrmeerility will decrease when the amount of
calcarsoe s3ment {8 Inyreassl, Diffsrent sauwplesz of sandrtone. obtalzed
from the Lywer parts of the Zommailon, ~ar, That o & DeTSH o taeraas n
oaioness sontent \amas 8 i20~ea9s W pur3ity. cvm 55 3.7 pervant . axd s
cuidtlera: s Jserasas i prrmeatiiltr.

Da*tsz @aaveal roum sapledtatlsn of wells coaflrmed ths atatemesats
above., Tha condltlons of ths K3 ‘--.n=+.‘.on axe guwsa thet ezrloitation s
bhardly prasiliatlos Taewsfoins, 817 4oy oll walis =apdlty only formation

Invoatlgations plamyed sheuid eatallish the legrws of contact Mbweeq
the va.tw-‘:oa:ing ané oli-bsaring parts of the ted, anl should solve the
probliam of whers 1o pmp the vater, whather Intc the . or separut:-';
iato the T, and .. Well No 217 was drillad for this rpode i Y.
£indicr {us bei's a¥aorption capacity, Aftir the stulfes are 5+ sbed,
thie 7w¥ll say b3 29ed for injestion puposes.

- 5.
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Since information on the moverent of conmtour water 1s essential Por
aneceesful results, tc start transgontour flooding without. Jpertinent {n-
formation may seem to be an uncertain enterprise, Howevor, suffictent’
time .cammet be sparsd for a precise study of formation conditions because
of the sharp decresse of mressure in the bed, Bear’ng in mird the-cor-
relation existing between the contours of formations X and I8, one mst
reoalize that Immediate flooding 1s & technically Justifisd risk.,

The contours of the vpper horizons of the Kirmakinsk formation are
mors eXtensive than the contours of the K formetion., For this reason,
injeoction wells located beyond the oflebearing limits of the FK will be

- withia the oil-bearing 1i."  of the KS formation, In case of negative
rosults, therefare, water-injection wells strking ths FX formatioms's
vatere Ing part may be used as oil wells upon the resumption of oll

exploitation in the ES horizoms.

. Fleld Flooding

Fisld flooding, the most effective method of flooding, 18 entitled
to epecial attention. A geologlcal technical mroject to flood ths BX
h and 5 2crmation of the Khorasan fisld bas alrealy been started, es one
ot a series of work projects for 1948, -

The minizam depth of the FX formatlon (about 300 meters) is found
in the western part, highest, of the Khorasan fold. The beds have a 22
dogmree slope and the specific gravity of the oil 1s 0.932.

Tre peculiar aspect of this area's develomment is that in the past
the fear of uncovering the underlying water interrupted driliing in the
upper part of the formetion and, therefore, wells 412 not penstrate more
than 5-10C metere intc ths bed. Analvsis of oil exploitaticn revealed that
the amount of '0il eftrected from'thé P formation was greaber than the
amount that would be founl within ite ofl-bearing 'imits. Thersfore, -
the lower strata were worked during the exploitstion of P,. Lack of
underlying vater and oil saturation through the whols thi s8 of the
formation were ascertained later by separate borings through the un-
touched lower X formationc. Such & method of exploitation facilitated
the removal of gae, and the retention of a consideratls emount of the >il
in the lower part of the X formation,

Celculations show that the current coefficient of utilizetion of pore .
space does not exseed 0.05-0.10.

Plans were made for an efficient r'ioodiaz to be started this year,
To this end, the growdwork for drilling a group of five wells was started.

T Contour Flooding :
This type of flooding 18 reccumended by the authcer only for beds under T
gas pressure. The analysis of exploitation in the Apsheron peninsule shows

k that there are s mumber of oll-bsaring horizons with large reserves. Trens-

. T coutour flooding 48 not applivable there because ~f the physical aml geological : e .
; . properties of these horizons. After a lengthy pericl of operatione, ao - R N
' movemsnt of contour water was observed in these horizons. 01l was brought s

into iks wells only by the expansive energy of gas dissolved in 1%. R

e IX formation presents all the charactesi.stice of & horizon under
gas pressure. Lengthy exploitation and a comsidarable decrease of pressurs
in the bed brought ubout no change in the water-oil coatact.

The above siatements are illustiated by the profile thuought the
northem old of Artem insland, whers data on static levels show a depression

-6~
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doveloping during opsrations above the oil deposit. Along the boundaries
of the oll-bearing arwa the gtatic head of water is high, which clsarly
indicates the absence of water movemsnt. )

Tt ahould be noted that ths two mejor reasons for this absence of
water movement ars:

1., The 0!l of Arter Islard 48 the most viscous of all the Baku oila,
Moreover, toward the oll-water contact point a sharp increass of specific
gravity and therefore an increase in viscosity are noted. O0il from well
fo kOT, located close to the boundary of the oil-bearing ares, had specific
gravity of 0,940, wvhide 0,910-0.915 vas the average for the whols deposit.
This woll 1¢ also remarkalbls in that, although 1t was nsar the boundary
of the oil-bearing area, contour water d1d not reach the well, '

2, It mast be aspwed that oil viscoslity alone dil not prewent the

wvater from moving in the bed. Another factor preventing water movement is

* the lov permsability of send in the bordering areas. This is dus to hard
mineral particles, mostly of calciup carbonate which are formed by the

chomigal dnteraticn of oil, water and agms, end which 111 tle sand ypores,

These two fastors, occassloning resistance tc water movement and a
canaideradls dscrease of the psrmeebility of sande,vwhish in some cases
way result in. a complete. obatrustion of pores, may provide the main
oxplanation for the stability of the water 1iuit, in addicion to the
consiferable difference inbed pressures betwssnthe oll-bearing and
water=hoariag portions.

Therefore, in beds where there is no movement of contour water l.ans-
ocmtowr floodling oan deving no positive resulte. i

Tn thds kind of bed we suggest artifically creating conditions which
are app-opriate for the hydraulic conditions already obiaining. No flooding
should be comducisd in the area outside the o1l bed. Excludizg the zone
located nesr the water-oil contact lins, where oil viscosity is high and
permesbility of sand 18 low, ilooding should be corducted through: injection
wells looated within the oil-bearing area along the edge of the deyression
zons vhere permeability of the sand 1s godd.

Such an operetion does not ippair the process of exploitation of the
whole deposit.

The X formation of Artem Island represents a most appropriste sits
for conmtour flooding., Sirce the western 1imit 18 in the sea, it is essuar
and more exsedient vo start the flood: on the eastern side, selectirg
for this parpose a seriss of o1l vells (No 264 and 31k) astretching along
the beds in & line parallei o the contour of the oll-bearing area.

later, it will be possible to sxpand the line of the Injection wolls
to ihe north and to the west, Aisposing tham along the line of the mrin
tectonic dlsturbences, which is also the soutusrn limit of tho oil-beexring

strata,
Zhysicoshemival Properties of Water Used for Flooding

The aucceacul application of flooding depeads *rgely on the physico-
ohemical prcpurties cf the vater useld. In recent ysars, in AzNIT (Baryshev,
Nalyshev, Gorin, etc.) the capacity of different kinds ol watsr for
f£lmedingcollecting sands ware stulled. 3Special asttention was paid to alkaline
anl sea waters. Experiments 3howed that vwhen alkaline weter 1s used to
forcs the o4l out of the collectors of & productivs layer, tls output is
13 percent greater than vith hard vater.

- CORFIBTTiaL
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‘Pable 3 Bhows data on Separate experimsnts:

Table 3

Difference Be-

tween Coeffi-

¢cients of Yisld
Final Coefficient With Alkaline

Roxrizon of Yield and Hard Water Fote:
with With
Alkaline Hard
Water Water

IV Liter

{Bostanar-shor) 66.4 56,8 9.6 Sea water
K of Arten Island 5.4 6.5 13.1 [Big] wves used
K. of the Ktrmakin
Myalley 70.6 55.8 .8 . as hard vater

Tharofore, vhen sed water is used, results are as insfficient ss when
weing the bad hard water. Rxperiments with sands, approximsting the ideal
gramiometric oomposition, showed supplementary yileld amounting 1o 5.1-5.6
percent of the oil inftially contained by the colleectors, vhen sands flooded
oy haxd water were flooded subsequently by an alkaline water solution,

Movecver, 1t has been established that the speed of the water through

" the sands 1s of great importance. RKxperiments with a cylinder f£illed vith

oil-saturated sand and subjected to an alkalins water action show that the
average gpeed of the anhydrous oil's outflow 1s 1.4 greater than ths spesd
when hard water is used. In other words, in a given period of time alkaline
water would force out 1.4 times more o1l than hard vater. Experiments also
show, when flcnding oil-bearing collectors with no vator affinity, alkaline
viter 18 to be used exclusively.

e “he working ageat in flood operations is decidsd upon, the
Jf water ussd for flooding must be similar 4o the properties of

ropertisa
vater in the bed. The mixing of these waters in the layer should not cause

& chemical reaction, vhich is usually accompaniei by precipitation and by a
decrease of the collectore' permeabdility, If there is no possidbility of
desteraining the similarity of chemical composition for both bed water and
the water used for flooding, the smiding priresple 10 to use waters belonging
to tho seme type, {.0., to £lood with hard waver bode containing hard water,
wod to use only alnlino wvater, )

. Ttilizaiion of sea water is a rather special problem. Great amounts of
ssa wvater aro used for technical pwrposes in the industry, and every well
may be furaished with an unlimited asupply. The unliuited resources and the
low cost of this water make it templing to use it as a working agent for

flocding.
' However, some considerations necessitate dealing wery carefully with
the poesidility of usins it on an industrial scale.

1. Since a eimple mixing of sea water and alkaline water at the wurface
cousss mrecipitation, yumping 27 sea water intc alkaline water in {le earth's
depth xust be ass.med to lead to a chemical reaction amd to the obstruction
of pores by the resuliing precipitate.
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2, According iv the above-mentionsd experiments made by the AzKIX, -
the flushivg capacity of sea water 1s far below that of alkaline water.
Thsrefore, 1t wonld be a mistake to use ses water as an operating agemt,

3. ‘Thers have besn meny examples 1o the oil industry showing .mga-~
tive resulte obtained from using sea water in the exploitation of wells.
Vien wolls nre drilled, or obetructing sands are flushed off, various

| medsures providing for the replacemert .f the oll by sea water or alkaline
mter are usmally undertaken to avold any uzﬂnsirabh consequence fyom
gsa vater inflltrating into the oil bed.

Howevor, the extensive network of pipe lines for ssa water sapply
and the unliwited euantities 6 gea water availsble throughout the
{mdustriel ares maxe 1t cmulscay to carry on research amd to call
By mommam physics and chemistry o determine jrecisely whsther
or not sex water may bo nsed for injection imto oil beds.

M&" . mmwmaMmoa

. m phyaical taotcrs Mscribine the laysr aml, in particuler, the ~9-
effistent of residunl o1l esturation are of considerabdble Sxporta.ncc The

" - ‘wymluation of the percertaae. of unlerground water gives-sn awrmntiem

ofi this cooffieient btut dosse :not resolve the problem: ontimly, teoanse

" the’ caloulation of ‘the coefficient of saturation from data on total oil
,rtnmuﬂonmunhotoilmsualnwmtodmhmbmtto
£reat exrars, . Owr national mechine-marmfactvring plants mast crganize the
profuction of special core drills, assuming that we have adyanced to whery
we caz gather core zamples to stnd; the sonditions in the bed.

Scme special aspeots of ssconlary recovery methods were etudied above.

However, technioal and organirational problems, on vhich depends the
sucoess of the entsririse, must be faced and solved now. The starting
point of this part of the busineas must be the work which wes plamed
by decision of the TeEKKP (b) of Azerbaydzhan and defined in the Svecial
Qrder of the Minister of 011 Industry in the southern and western regians
of the USER. (Crder No 309, 1 July 1947, "On the Lutroduction of
Seooniiary Recovery Methods for the Exploitation of 011 Deposits.”)

he application of secolary recovery methods is planned for 1948
iz o soneiderable mmber of wells (30 percent) in the Azneft' combine.
This requires a apecial crganization for obtaining, collecting axd trazms-
porting water, for the construotion of weter-purification plante, for
building air lines to the injection welils, etc.

) The esent condition of welis in the separate beds reguires e great
emovat of work. New wells mmust be drilled to provide for injeotion, and
to Teirganize the oil-well network,

ThereZore the problem of driliing is equally important and has to
De specially arganized.

The success of operations to be faced in 1948 depends greatly on a
timply sclution of the problems examined here.
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